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© A cathode for an electron tube which comprises: 
a cup (6) provided in a sleeve (2); ajicLa-peHet^Slof^ 
ag^lectrene ^ssive materials including at least one 
oxide^§eTe!5fed __from tne grou p consisting of 
guropjum oxide^ (EU2O3), lanth an um oxide (La2Qa) 
3nd scandium ox ide (£0203) in an amount of 1 to 20 ~ 
.wt % T based^orTTFi5 total -<MTtOcmt ofthe electron 



emissive materials^ and at least one carbonate se- 
lected from the group consisting of BaCCb, SrC03 
and CaC03i at least one reducing material selected 
from the group consisting of Ni, W, Mg, Si and Mo; 
anj an nv ide coptaininq Ba. The cathode has a high 
current density and a long lifetime. 



fig.2 
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Background of the Invention 

JT ie prasept invention relates to a cathod efor 
an electron tube for use in such display devices as 
a picture tube, and more particularly, to a novel 
"cathode for an electron tube having high current 
density and a long lifetime. 

For the conventional thermoelectron emitting 
cathode for an electron tube which is used in a 
picture tubes and other display devices, a so-called 
"oxide cathode" which includes alkaline earth met- 
al oxide layer having Ba as a main component on a 
metal base containing Ni as a main component and 
a small amount of Si, Mg, etc. as a reducing agent 
is widely used. This oxide cathode emits electrons 
provided by free atoms produced from oxides 
through the reaction between reducing agents in 
the metal base and oxides. 

FIG. 1 illustrates a schematic cross-sectional 
view of the conventional oxide cathode. The cath- 
ode comprises a circular pellet-type metal base 1, 
circular tube-type sleeve 2 and electron emissive 
material layer 4 which is coated and formed on the 
metal base 1 and contains a barium compound as 
a main component- The reference numeral 3 des- 
ignates a heater for heating the cathode. 

Among the constituting components, the elec- 
tron emissive material layer is formed by the fol- 
lowing method. That is, carbonate powder which 
contains barium carbonate as a main component is 
mixed with solvents in which nitrocellulose or so is 
dissolved. The mixture is then coated on the base 
metal by spray or electrodeposition, etc. The cath- 
ode having each components is later installed in a 
cathode ray tube and then assembled in an elec- 
tron tube. During an exhaust process to make the 
inside of the electron tube vacuous, the cathode is 
heated to about 1000 °C. At this time, barium car- 
bonate in the electron emissive material layer ther- 
mally decomposes and changes into barium oxide 
as the following chemical formula. 

BaC0 3 - BaO + C0 2 t (1) 

The produced barium oxide reacts with the 
reducing agents in the metal base, Si and Mg at 
the interface of the metal base and the electron 
emissive material layer during the cathode opera- 
tion as the following chemical formula. 

BaO + Mg - MgO + Bat (2) 

4BaO + Si -» Ba2Si04 + 2Bat (3) 

The thus-produced free Ba contributes to an 
electron emission. However, at this time, MgO and 
Ba2Si04 also are produced as described in for- 
mulae (2) and (3) at the interface between electron 



emissive material layer and the metal base. This 
reaction product accumulates around the interface 
and becomes a barrier, called an "interlayer" which 
interrupts diffusion of Mg or Si from the metal 

5 base. This makes free Ba production difficult. The 
interlayer results in undesirable effects such as a 
reduction in cathode lifetime. Moreover, since the 
interlayer has high resistance and interrupts the 
electron emission current flow, the problem of re- 

10 striction of emittable current density occurs, which 
in turn results in dissatisfactory requirements for 
large electron tubes having high luminance. 

An impregnated-type cathode is a kind of cath- 
ode satisfying the above requirements and is man- 

75 ufactured by the process including melting electron 
emissive materials under a reducing atmosphere or 
in a vacuum and impregnating a porous metal base 
with the melted electron emissive materials. The 
impregnated cathode can realise the high current 

20 density and long lifetime. However, the manufactur- 
ing process is complicated and the operation tem- 
perature is higher; as much as 300-400 °C higher 
than that of a carbonate cathode, and can be as 
high as 1100 # C or more. Therefore, the electrode 

25 materials should be changed as those which are 
heat-resistant and this heightens production cost. 

Summary of the Invention 

30 An object of the present invention considering 
the above-mentioned problems and solving the 
problem of lifetime reduction owing to the interlayer 
is to provide a cathode for an electron tube which 
has the characteristics of stable electron emission 

35 over a long time and high current density. 

According to one aspect of the invention there 
is provided a cathode for an electron tube compris- 
ing: 

a cup provided in a sleeve; and 
40 a pellet of an electron emissive materials in- 

cluding^ 

at least one nxide se i |ftn tQr * frnm th ft _ rjrnnp 
consisting of euro p^m nyirlft fFn»rM. lanthanum 

oxide (La2Q3), and scandium oxide (SCgOa) in an 

45 amount of 1 to 20 wt% based on the total amount 
of the electron emissive materials, and at least one 
carbonate selected from the group consisting of 
BaC0 3t SrCOg and CaC0 3 ; 

at least one reducing material selected from 
so the group consisting of Ni, W, Mg, Si and Mo; and 
^a/i oxide g 2ntaiP in 0 

The preferred oxide containing Ba is at least 
one Ba compound selected from the group consist- 
ing of BaO»CaO*Al203, BaTGaTOT] BaTtrTOiT^ 
55 Ba4lr»Q7, Ba2V2Q7, BaaiteOs and BaBeU^" ' 
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Brief Description of the Drawings 

The above objects and other advantages of the 
present invention will become more apparent by 
describing in detail a preferred embodiment there- 
of, by way of example only, with reference to the 
attached drawings in which: 

Figure 1 illustrates a schematic cross-sectional 
view of the conventional; oxide cathode; 
Figure 2 illustrates a schematic cross-sectional 
view of a cathode for an electron tube according 
to one aspect of the present invention; 
Figure 3 is a graph representing lifetime char- 
acteristics of the conventional cathode versus a 
cathode according to one embodiment of the 
present invention; and 

Figure 4 is a graph representing current density 
with respect to the operating temperatures of 
the conventional cathode and the cathode ac- 
cording to one embodiment of the present in- 
vention. 

Detailed description of the Invention 

The cathode of the present invention is manu- 
factured by removing the metal base portion from 
the conventional oxide cathode, covering a pellet 
made of electron emissive materials with a cup, 
and attaching the cup in an upper part and inner 
face of a sleeve by resistance welding, laser weld- 
ing, etc. The cathode is practical and easy to 
manufacture. 

The cathode for an electron tube will be de- 
scribed in detail according to the manufacturing 
process referring to Figure 2. 

First, carbonate of alkaline earth metal contain- 
ing barium as a main component and reducing 
metal are mixed at a mixing ratio of between 1:9 
and 4:6 (e.g. 1:9, 2:8, 3:7, 4:6, etc.) and homoge- 
neously mixed by means of a mortar. The pre- 
ferred reducing metal is at least one metal selected 
from the group consisting of Ni, Mg, W, Si and Mo, 
and the preferred size of ranges from 2~7um. 
More preferably, the metal is heat treated under 
vacuum or a reducing atmosphere such as a hy- 
drogen gas atmosphere. 

in order to improve the electron e mission ohar- ^ 
acteristic, at least on e nvirte sci enter! from the rare 
"earth ^ompound gro up r.n ngigting „of_europium ox- 
ide (EU2O3), lanthanum oxide (La2 03) and scan- 
dium oxide (SC2O3} may bemadded to the car- 
bonate in an amount of 1 to 20 wt% based on_the 
t otal weight of the electron emissiv e jnaterial. _ 

Furthermore, in order to lower the operation 
temperature ot tne catn oae and induce^stable elec-"~ 
tron effTtbsiun, dl feast one o xide c ^pntaMS^arluriL 
^ elected from the" "group consisting of 
BaO*CaO»A] 2 03, Ba3Ga2 0 5r Ba 3 lr 2 0 6 , Ba^Oz, 



Ba2V2 Q7, Ba 3 ln2p6 and BaBeO? is added and then 
"mixed using a mortar. Since barium is slowly pro- 
vided from these compounds, the diminution of the 
electron emission characteristic is compensated 
5 and electron emission from the cathode becomes 
stable. The mixing ratio of the carbonate and bari- 
um-containing oxide ranges preferebly from 7:3 to 
1:1. 

The obtained mixture is press moulded into a 

10 predetermined size. From repeated experiment by 
the inventors, the press molding is preferably car- 
ried out at 5-10ton/cm 2 pressure. The porosity of 
the packet may be controlled by controlling the 
pressure when press molding. Through the porosity 

T5 controlling, lifetime reduction and the lowering of 
current density may both be prevented. As the 
porosity increases, the current density and the 
evaporating amount of barium increase and thus 
the lifetime of the cathode decreases. As the po- 

20 rosity decreases, the lifetime characteristic is im- 
proved but high current density could not be ob- 
tained. According to the repeated experiment by 
the inventors, the cathode having appropriate cur- 
rent density characteristic and lifetime characteris- 

25 tic may be manufactured when the porosity of the 
pellet is about from 18 to 40%. 

The manufactured pellet is preferably heat- 
treated under vacuum or a reducing atmosphere so 
as to activate the decomposition of the CO2 

30 present in the carbonate and to use immediately 
after assembling without a separate decomposition 
process. The heat treatment is preferably carried 
out at a temperature range of 800-1 000 °C for 
30-90 minutes. 

35 The thus-obtained pellet iS) is covered w jt fr ^ 

_cu gj5) made" o f heat-resistant metal. The cup (6) is 
laser molded to the upper portion and inner part of 
a sleeve (2), and a heater (3) is provided in the 
sleeve (2) to finish a cathode according to the 

40 present invention as illustrated in FIG.2. 

The preferred embodiment of the present in- 
vention will be described in detail below. However, 
the present invention is not restricted to the follow- 
ing example. 

45 

Example 

Ni was added to a three-element carbonate 
having a weight mixing ratio of Ba:Sr:Ca as 57:39:4, 

so and mixed using a mortar. 30 wt% based on the 
Sum with the carbonate of barium » calcium »alumi- 
nate (BaO»CaOAI 2 03) prepared by baking a mix- 
ture of BaC0 3 , AI2O3 and CaC0 3 at a predeter- 
mined ratio, and 1 wt% n f nitrominm oxide (Eu?CM_ 

55 based on tne total amount of the electron emissive 
materials were added to the thus-obtained mixture 

and mixed further using the mortar. The mixture 

was compacted in a metal mold and press-molded 
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at about 10ton/cm 2 to manufacture a pellet. The 
pellet was heat-treated under a hydrogen atmo- 
sphere at about 900 * C for about 50 minutes. The 
heat-treated pellet was covered with a cup made of 
a heat-resistant metal, and this assembly was la- 
ser-molded on the upper portion and inner side of 
a sleeve as shown in FIG .2. A heater was provided 
in the sleeve to manufacture a cathode for an 
electron tube of the present invention. 

In FIG. 3, a graph representing the lifetime 
characteristic of the conventional cathode with re- 
spect to that of the cathode according to the 
present invention is illustrated. In the graph, "a" 
corresponds to the conventional impregnated-type 
cathode, "b" corresponds to the cathode for an 
electron tube of the present invention and "c" 
corresponds to the conventional oxide cathode. 
From the graph, it is confirmed that the lifetime 
characteristic of the cathode of the present inven- 
tion is somewhat lower and almost similar when 
compared with that of the conventional impreg- 
nated cathode, and has even better efficiency than 
that of the conventional oxide cathode. 

FIG. 4 is a graph representing current density 
with respect to the operating temperature of the 
conventional cathode and cathode of the present 
invention. In this figure, "a" corresponds to the 
conventional impregnated cathode, "b" corre- 
sponds to the cathode of the present invention and 
"c" corresponds to the conventional oxide cathode. 
The operating temperature of the impregnated 
cathode is too high (approximately about 1100'C) 
even though it has the highest current density, 
while the current density of the conventional oxide 
cathode is too low even though the operation tem- 
perature is low. For the cathode of the present 
invention, the operation temperature is lower (by as 
much as 200 9 C) than that of the impregnated 
cathode and the current density is as high as that 
of the impregnated cathode, which confirms that 
the cathode of the present invention is very prac- 
tical one. 

As described above, the cathode of the present 
invention has the characteristic of a stable electron 
emission and a low operation temperature of about 
800-900 °C. The operation temperature is about 
200 *C lower than that for the impregnated cath- 
ode. Therefore, the use of high-melting-point met- 
als are not necessary, which lowers production 
costs. 

Moreover, since the production of the interlayer 
is restrained in the cathode of the present inven- 
tion, a current density as high as 6-8A/cm 2 could 
be achieved, while the lifetime thereof is length- 
ened when is compared with that of the conven- 
tional oxide cathode. 

While the present invention has been particu- 
larly shown and described with reference to par- 



ticular embodiments thereof, it will be understood 
by those skilled in the art that various changes in 
form and details may be effected therein without 
departing from the spirit and scope of the invention 
5 as defined by the appended claims. 

Claims 

1. A cathode for an electron tube comprising: 
to a cup (6) provided in a sleeve (2); and 

a pellet (5) of an electron emissive materials 
including: 

at least one oxide selected from the group 
consisting of europium oxide (EU2O3), lan- 
T5 thanum oxide (La2 03) and scandium oxide 

{SC2O3) in an amount of 1 to 20 wt% based on 
the total amount of the electron emissive ma- 
terials, and at least one carbonate selected 
from the group consisting of BaCOa, SrC03 
20 and CaC03; 

at least one reducing material selected 
from the group consisting of Ni, W, Mg, Si and 
Mo; and 

an oxide containing Ba. 

25 

2. A cathode for an electron tube as claimed in 
claim 1 , wherein said oxide containing Ba is at 
least one Ba compound selected from the 
group consisting of BaOCaO-AbOa, 

30 Ba3Ga 2 0 6 , Ba 3 lr20 G , Ba+luO/, Ba2V 2 07, 

Ba3ln 2 0 G and BaBe0 2 . 

3. A cathode for an electron tube as claimed in 
claim 1, wherein a mixing ratio of said car- 

35 bonate and said oxide containing Ba ranges 

from 7:3 to 1:1. 

4. A cathode for an electron tube as claimed in 
any one of claims 1 to 3 wherein the ratio of 

40 said carbonate to said reducing material is 

from 1:9 to 4:6. 

5. An electron emissive material comprising an 
alkaline earth metal carbonate, and a reducing 

45 material, characterised in that the components 

are mixed throughout the electron emissive 
material. 

6. An electron emissive material as claimed in 
so claim 5 wherein the material is in the form of a 

pellet, the alkaline earth metal carbonate is 
selected from the group consisting of BaC03, 
SrC0 3 and CaC0 3 , the reducing material is 
selected from the group consisting of Ni, W, 
55 Mg, Si and Mo, and the material includes at 

least one oxide selected from the group con- 
sisting of EU2O3, La 2 03 and SC2O3. 
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7. A cathode comprising an electron emissive 
material as claimed in claim 5 or claim 6 
supported by a support means (6). 

8. A cathode comprising a support means (6) and 5 
an electron emissive material (5) characterised 

in that the support means (6) is in the form of 
a cup and the electron emissive material (5) is 
in the form of a pellet located within the cup. 

10 

9. A process for forming an electron emissive 
material for use in a cathode comprising the 
steps of: 

mixing a reducing material, an alkaline 
earth metal carbonate and a barium oxide to- 75 
g ether; and 

forming the mixture under pressure into a 
pellet. 

10. A process as claimed in claim 9 wherein the 20 
mixture is formed in to a pellet by press 
moulding under a pressure of between 5 to 10 
ton/cm 2 and the pellet is heat treated in a 
vacuum or a reducing gas at a temperature of 
between 800 to 1,000 'C for a period of be- 25 
tween 30 to 90 minutes. 



30 



35 



40 



45 



SO 
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